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An electromagnetic wave propagation Structure, Suitable for 
the transmission of an electromagnetic wave and the forma 
tion of resonators within filters, is constructed of both high 
and low dielectric-constant materials wherein the high 
dielectric-constant is in excess of approximately 80 and the 
low dielectric-constant is less than approximately 2. A 
boundary between the high and the low dielectric-constant 
materials Serves as an electric wall to waves propagating in 
the low dielectric-constant material and as a magnetic wall 
to waves propagating in the high dielectric-constant mate 
rial. This permits Substitution of the high dielectric-constant 
material for metal elements, Such as resonators and feed 
Structures in filters. Furthermore, the use of a cladding of 
dielectric material of one of the foregoing dielectric ranges 
about a core of material of the other of the foregoing 
dielectric ranges enables construction of waveguides having 
rectangular and circular croSS-Sections. MicroStrip and Strip 
line Structures with Substitution of the high dielectric-con 
Stant material for the harmonic elements may also be con 
Structed. 
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ELECTROMAGNETIC TRANSMISSION LINE 
ELEMENTS HAVING A BOUNDARY BETWEEN 
MATERIALS OF HIGH AND LOW DELECTRIC 

CONSTANTS 

BACKGROUND OF THE INVENTION 

0001. This invention relates to the construction of elec 
tromagnetic transmission line elements including resonat 
ing, coupling and Wave-guiding elements, and more particu 
larly, to the construction of Such elements by use of a 
boundary between two dielectric materials of high and low 
dielectric constants, the low dielectric constant being in the 
range of approximately 1-2 and the high dielectric constant 
being in the range of 80-100 or higher. 

0002 One well known form of transmission line structure 
employs a region of metallic material Separated from a 
Second region of metallic material by a region of electrically 
insulating material. Such a transmission line Structure 
includes microStrip wherein an electrically conductive Strip 
is separated from a parallel conducting plate by a layer of 
insulating material. As a further example of transmission 
line, a coplanar waveguide comprises a pair of parallel 
conductive Strips Spaced apart by an insulator. The latter 
Structure, in combination with an insulated back metallic 
plate or ground plane as in Stripline or microStrip, can also 
Serve as a coupler of microwave signals between two 
microStrip circuits, upon a reduction in the Spacing between 
the conductive Strips. In Similar fashion, two or more 
electrically insulated conductive Strips, patches or resonators 
may be disposed in a coplanar array Spaced apart from a 
ground plane to Serve as a filter, or may be Stacked, one 
above the other and insulated from each other to form a filter. 
In the latter configuration of Stacked resonators, it is the 
practice to enclose, at least partially, each of the resonators 
in a metallic cavity type of Structure with provision for 
electromagnetic coupling between the resonators. 
0003. In each of the foregoing structures, the physical 
Size of the Structure, for provision of a desired electromag 
netic characteristic, is determined by the electromagnetic 
wavelength in air, Vacuum, or dielectric environment in 
which the metallic elements are situate. However, there are 
Situations Such as in communication via Satellite, wherein it 
is desirable to reduce the physical size and weight of the 
microwave components and the circuitry composed of Such 
components. Microwave components of unduly large size 
and weight create a packaging problem for Satellite borne 
electronic equipment. 
0004. The foregoing problem may be demonstrated by 
the following example concerning microwave filters. Filters 
of electromagnetic Signals, Such as microwave signals, typi 
cally provide a bandpass function characterized by a mul 
tiple-pole transmission band. A typical construction employs 
a plurality of metallic resonators of planar form which are 
stacked one above the other to provide for plural modes of 
electromagnetic vibration within a single filter. The resona 
tors are spaced apart and Supported by dielectric, electri 
cally-insulating material. Metallic plates with irises may be 
disposed between the resonators for coupling electromag 
netic power among the resonators. In the case of cavity 
resonator filters, each cavity is physically large, particularly 
at lower frequencies, the physical size militating against the 
use of the cavity filters. Thus, in situations wherein there is 
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limited Space available for electronic circuits, Such as in 
Satellites which Serve as part of a communication System, 
there is a need to reduce the Size of filters, as well as to 
decrease the weight of filters employed in the Signal pro 
cessing circuitry. 
0005 The filters are employed in numerous circuits for 
Signal processing, communication, and other functions. Of 
particular interest herein are circuits, Such as those which 
may be constructed on a printed circuit board, and are 
operable at microwave frequencies, Such as frequencies in 
the gigahertz region. Such Signals may be processed by 
transistors and other Solid State devices, and may employ 
analog filters in the form of a Series of cavity resonators, or 
resonators configured in microStrip form. By way of 
example, to provide a band-pass filter having an elliptic 
function or a Chebyshev response, and wherein a math 
ematical representation of the response is characterized by 
numerous poles, the filter has many Sections. Each Section 
has a Single resonator, in the microStrip form of circuit, for 
each pole which is to be produced in the filter transfer 
function. 

0006. In order to reduce the physical size of Such a filter, 
the filter may be constructed of a Series of dielectric reso 
nators enclosed within metallic cavities, as is disclosed in 
Fiedziuszko, U.S. Pat. No. 4,489,293, this patent describing 
the construction and tuning of a multiple, dielectric-loaded, 
cavity filter. Such a dielectric resonator filter is employed in 
Situations requiring reduced physical size and weight of the 
filter, as is desirable in a Satellite communication System 
wherein Such a filter is to be carried on board the Satellite as 
a part of microwave circuitry. The reduction in size of Such 
a filter arises because the wavelength of an electromagnetic 
Signal within a dielectric resonator is Substantially Smaller 
than the wavelength of the Same electromagnetic Signal in 
Vacuum or in air. coupling of electromagnetic power 
between contiguous cavities may be accomplished by means 
of Slotted irises or other electromagnetic coupling structures. 
0007. The foregoing attempts to reduce the size of micro 
wave components, Such as the foregoing filters, by use of 
dielectric materials have been Successful to a limited extent, 
the limitation devolving from the fact that, in the case of the 
foregoing filters, the inner Space of a cavity is filled partially 
with air and partially with the dielectric resonator. Further 
more, as noted above for Satellite communications, it is 
important also to reduce the weight of the microwave 
components, and Such weight reduction is limited in the 
foregoing construction of filter due to the fact that the cavity 
walls and iris plates are constructed of metal rather than than 
a lighter material. Thus, there is a need to treat further the 
foregoing problem of exceSS Size and weight. 

SUMMARY OF THE INVENTION 

0008. The aforementioned problem is overcome and 
other advantages are provided by the construction of trans 
mission line elements including resonating, coupling, and 
wave-guiding elements by means of dielectric material, 
wherein a first region of the dielectric material has a low 
dielectric constant in the range of typically 1-2 and a Second 
region of the dielectric material has a high dielectric con 
stant in the range of at least 80-100. The first and the second 
regions are contiguous to each other at a boundary, and both 
of the regions are capable of Supporting propagation of 
electromagnetic waves wherein the waves reflect from the 
boundary. 
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0009 Upon expressing the waves in each of the regions 
mathematically, and upon Solving the wave equations to fit 
the boundary conditions, it is observed that a plane electro 
magnetic wave propagating in the first region (low dielectric 
constant) reflects from the boundary in essentially the same 
manner as a wave reflecting from a metal electrically con 
ducting wall, or “electric wall'. Furthermore, a plane elec 
tromagnetic wave propagating in the Second region (high 
dielectric constant) reflects from the boundary in essentially 
the Same manner as a wave reflecting from a “magnetic 
wall'. In the case of reflection of the wave from the electric 
wall, the normal component of the magnetic field and the 
tangential component of the electric field of the electromag 
netic wave Vanish; therefore this boundary condition is 
equivalent at high frequencies to a metal wall. In the case of 
reflection of the wave from the magnetic wall, the tangential 
component of the magnetic field and the normal component 
of the electric field of the electromagnetic wave vanish; 
therefore, this boundary condition is equivalent at low 
frequency to an open circuit condition. 

0.010 The principles of the invention are carried out best 
in the situation wherein the ratio of the high dielectric 
constant to the low dielectric constant is equal to or greater 
than approximately 40. This ratio is in conformance with the 
foregoing exemplary ranges of dielectric constant of 1-2 for 
the low dielectric and of 80-100 for the high dielectric. If 
dielectric materials with dielectric constants greater than 100 
are available, then it is advantageous to employ Such higher 
dielectric-constant materials in the practice of the invention. 
It is noted also that, by way of example, it is possible to 
practice the invention with a Smaller difference in the range 
of dielectric materials, for example, a low dielectric-constant 
of possibly 3 or 4, and a high dielectric-constant of possibly 
70. However, with such a reduced ratio between the high and 
the low dielectric-constants, the foregoing boundary with its 
electromagnetic characteristic of electric walls and magnetic 
walls is leSS pronounced, and the operation of the invention 
is Somewhat degraded as compared to the foregoing ranges 
of low dielectric-constant and high dielectric-constant. 

0011. In the foregoing situation wherein there is an 
adequate ratio of high dielectric-constant to low dielectric 
constant, there is Substantially total reflection of a wave at 
the boundary, except for an evanescent field beyond the 
boundary. Due to the Substantially total reflection, a micro 
wave structure comprising a region of the low dielectric 
constant material enclosed by an encircling wall-like region 
of the high dielectric-constant material functions, with 
respect to an electromagnetic wave within the low dielectric 
constant material, as a microwave cavity. Introduction of a 
disk of the high dielectric-constant material within the cavity 
is equivalent to the emplacement of a resonator within the 
cavity. Thus, one can construct a multiple cavity microwave 
filter totally from the dielectric material by substitution of 
the foregoing high dielectric-constant material as replace 
ment for the metal parts of the typical cavity filter. Such 
metal parts include the cavity wall, irises between cavity 
Sections for the coupling of electromagnetic signals between 
cavities, a resonator within a cavity, and feed Structures for 
inputting and for outputting the Signals from the multiple 
cavity filter. The remaining airspace is replaced with the low 
dielectric-constant material. By way of example in the 
construction of Such a filter, the resonator may be con 
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Structed as a thin film of the high dielectric-constant material 
Supported on a Substrate of the low dielectric-constant 
material. 

0012. In similar manner, other microwave structures can 
be fabricated by the substitution of the high dielectric 
constant material for metal, and by replacing the remaining 
Space with the low dielectric-constant material. In the case 
of a microStrip or Stripline microwave structure, Such as 
coplanar waveguide, the coplanar waveguide may be con 
Structed by the deposition of two parallel spaced-apart Strips 
of the high dielectric-constant material as thin films upon a 
Substrate of the low dielectric-constant material. Upon a 
reduction in the Spacing between the two Strips in a portion 
of the coplanar waveguide, use may be made of the afore 
mentioned evanescent field to create a microwave four-port 
hybrid coupler. In Similar fashion, two or more electrically 
insulated conductive Strips, patches, or resonators may be 
disposed in the form of a thin film of the high dielectric 
constant material on a Substrate of the low dielectric 
constant material, and arranged in a coplanar array Spaced 
apart from a ground plane to Serve as a filter, or may be 
Stacked, one above the other and insulated from each other 
to form a filter. Furthermore, the inverse structure of at least 
Some of the foregoing microwave devices can be employed 
to advantage, wherein the location of the high dielectric 
constant material is interchanged with the location of the 
low dielectric-constant material. This provides, by way of 
example, a waveguide analogous to an optical fiber and 
comprising a rod of the high dielectric-constant material 
Surrounded by a sheath of the low dielectric-constant mate 
rial for the conduction of a microwave signal. 
0013 An important advantage of the invention is that 
metallic losses present in the corresponding microwave 
Structures of the prior art are absent in the microwave 
structures of the invention. The microwave structures of the 
invention have only dielectric and radiation losses for a 
realization of improved performance and lower loSS Over the 
microwave structures of the prior art. The advantages of the 
invention may be compared to the advantages of Supercon 
ductive microwave components, except that the invention 
provides the additional benefit of avoiding the expensive and 
bulky cooling apparatus associated with Superconducting 
components. 

0014) To demonstrate the principles of the invention, the 
foregoing Structures will be described beginning, by way of 
example, with a plural-cavity filter having metallic resona 
tors, followed by substitution of the high dielectric-constant 
material for the metal of the resonators as well as for metal 
part of other microwave structures. 

BRIEF DESCRIPTION OF THE DRAWING 

0015 The aforementioned aspects and other features of 
the invention are explained in the following description, 
taken in connection with the accompanying drawing 
wherein: 

0016 FIG. 1 is a stylized view of a circuit board includ 
ing a circuit module, Such as a filter, constructed in accor 
dance with the invention; 

0017 FIG. 2 is an isometric view of the filter of the 
circuit module of FIG. 1, portions of the filter being cut 
away to show details of construction; 
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0.018 FIG. 3 is a sectional view taken along a central 
plane of the filter of FIG. 1 in an alternative embodiment 
employing an arrangement of coupling elements which 
differs from the arrangement of FIG. 2; 
0019 FIG. 4 is a simplified exploded view of the filter of 
FIG. 1 in accordance with a further embodiment having yet 
another arrangement of coupling elements, and disclosing 
details in the construction of perturbations of resonators of 
the filter, the resonators having a Substantially Square, or 
Slightly rectangular shape; 
0020 FIG. 5 is a further simplified exploded view of the 

filter of FIG. 1 wherein coupling elements are provided in 
accordance with yet a further arrangement, and wherein the 
resonator perturbations are constructed in accordance with a 
further embodiment, the resonators having a circular shape; 
0021 FIGS. 6, 7, 8 and 9 show different embodiments of 
a coupling iris employed in the filter; 
0022 FIGS. 10 and 11 show schematic views of reso 
nators of the filter constructed in accordance with a further 
embodiments having an annular form, each of the resonators 
being shown disposed upon a layer of dielectric material 
wherein, in FIG. 10, the resonator has a circular annular 
shape and wherein, in FIG. 11, the resonator has an elliptical 
annular shape; 
0023 FIG. 12 discloses a simplified exploded view of 
the filter presenting coupling Structure in the form of a pair 
of slots, and wherein the resonator may be slightly elliptical 
in shape, 
0024 FIG. 13 shows a fragmentary view of a further 
coupling Structure for the filter wherein a probe is oriented 
perpendicularly to the plane of a resonator; 
0.025 FIG. 14 is a schematic representation of a stack of 
five resonators, indicated in Solid line, with a set of four 
electrically-conductive sheets, indicated as dashed lines, 
interposed between the resonators, 
0.026 FIG. 15 shows diagrammatically an alternative 
configuration of the resonator of FIG. 12 wherein the 
perturbation is in the form of a notch; 
0.027 FIG. 16 is a stylized view of a coplanar waveguide 
formed within a Stripline Structure with a portion of a 
dielectric layer and a ground plane being cutaway to Show 
construction of the coplanar waveguide in microStrip form; 
0028 FIG. 17 is a stylized view of a microwave coupler 
formed within a Stripline Structure with a portion of a 
dielectric layer and a ground plane being cut away to Show 
construction of the microwave coupler in microStrip form; 
0029 FIG. 18 shows a microstrip form of construction of 
a four-pole filter wherein components of the filter are 
disposed of thin film of high dielectric-constant material 
disposed upon a Substrate of low dielectric-constant mate 
rial; 
0030 FIG. 19 shows construction of a rectangular 
waveguide wherein a core of low dielectric-constant mate 
rial is enclosed with walls of high dielectric-constant mate 
rial; and 
0.031 FIG. 20 shows a circular waveguide composed of 
a rod of high dielectric-constant material enclosed with a 
cladding of low dielectric-constant material. 
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0032) Identically labeled elements appearing in different 
ones of the figures refer to the same element in the different 
figures but may not be referenced in the description for all 
figures. 

DETAILED DESCRIPTION 

0033 FIG. 1 shows a circuit 20 constructed upon a 
circuit board 22 of insulating material and having compo 
nents 24, 26, 28, and 30 mounted on the board 22 and 
interconnected via various conductors (not shown). By way 
of example, the components 24, 26, 28, and 30 may include 
an amplifier, a modulator, as well as converters between 
analog and digital Signals. Also included in the circuit 20 is 
a circuit module 31 constructed in accordance with the 
invention. By way of example, the circuit module 31 may be 
a filter 32. The filter 32 is connected by coaxial cables 34 and 
36, respectively, to the circuit components 28 and 30. 
0034. In accordance with a first embodiment of the 
invention, and as shown in FIG. 2, the filter 32 comprises a 
set of resonators 38, 40 and 42 with electrically conductive 
sheets 44 and 46 disposed between the resonators 38, 40, and 
42. The sheet 44 is provided with an iris 48 for coupling 
electromagnetic Signals between the resonators 38 and 40, 
and the sheet 46 is provided with an iris 50 for coupling 
electromagnetic Signals between the resonators 40 and 42. 
The resonators 38, 40, and 42 are arranged symmetrically 
about a common axis 52 (FIG. 3) to form a stack of the 
resonators. A ground plane 54 is located at the bottom of the 
resonator Stack facing the resonator 38, and a ground plane 
56 is located at the top, of the resonator Stack facing the 
resonator 42. 

0035) The resonator 38 is enclosed in a layer 58 of 
dielectric material which Serves as a Spacer between the 
ground plane 54 and the sheet 44. Similarly, the resonator 40 
is enclosed within a layer 60 of dielectric material which 
Supports the resonator 40 Spaced apart from the sheets 44 
and 46. Also, the resonator 42 is enclosed within a layer 62 
of dielectric material which Supports the resonator 42 in 
Spaced apart relation between the sheet 46 and the ground 
plane 56. The foregoing components of the filter 32 includ 
ing the resonators 38, 40, and 42, the sheets 44 and 46 and 
the ground planes 54 and 56 are enclosed within a housing 
64 of electrically conductive material Such as copper or 
aluminum which Serves to Shield the other components of 
the circuit 20 from electromagnetic waves within the filter 
32, and to prevent leakage of radiated electromagnetic 
power from the filter 32. Alternatively, the housing 64 may 
be formed of a high dielectric-constant material, preferably 
a ceramic, having electrical properties Similar to the material 
which may be employed in construction of the resonators 38, 
40, and 42, as will be described hereinafter. 
0036) The three resonators 38, 40 and 42 are presented by 
way of example, it being understood that, if desired, only 
two resonators may be provided in the resonator Stack or, if 
desired, four, five, or more resonators may be employed in 
the resonator stack. Similarly, the two sheets 44 and 46 of 
FIG. 2 are presented by way of example, it being understood 
that only one sheet would be employed in the case of a Stack 
of two resonators, and that three sheets would be employed 
in a Stack of four resonators, there being one less sheet than 
the number of resonators. 

0037. It is possible to construct an operative embodiment 
of the filter 32, wherein the housing 64, the resonators 40, 
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42, and 44, the sheets 44 and 46, and the ground planes 54 
and 56 may all be constructed of electrically conductive 
material Such as metal. Copper or aluminum is a Suitable 
metal, by way of example. But Such a construction of the 
filter 32 would not have the benefits of the invention 
wherein, in a preferred embodiment of the invention, the 
resonators 40, 42, and 44 comprise a high dielectric-constant 
material, preferably a thin ceramic film having a thickness of 
approximately ten mils and a dielectric constant of at least 
approximately 80, Such a dielectric material being provided 
commercially under the trade name of TRANSTECH and 
having part number S8600. Each of the dielectric layers 58, 
60 and 62 is fabricated, in a preferred embodiment of the 
invention, of a material having a low dielectric constant of 
approximately 2, Such a low dielectric material being pro 
vided commercially under the trade name Rexolite. A further 
advantage in the use of the foregoing dielectric material in 
the layers 58, 60 and 62 is that the dielectric constant is 
higher than that provided by air with the result that there is 
a reduction in the physical dimensions of a Standing wave 
produced upon interaction of any one of the resonators 38, 
40, and 42 with an electromagnetic Signal. This permits the 
physical size of the filter 32 to be made much smaller than 
a multi-sectioned cavity microwave filter of similar filter 
transfer function of the prior art. Still higher dielectric 
constants may be employed in each of the dielectric layers 
58, 60 and 62 for further reduction in the physical dimen 
Sions of a Standing wave produced upon interaction of any 
one of the resonators 38, 40, and 42 with an electromagnetic 
Signal. However, Such higher dielectric constant would 
reduce the ratio between the high and the low dielectric 
constants of the materials in the resonators and the dielectric 
Support layers with a consequent reduction in the efficacy of 
the electric and the magnetic walls produced at the bound 
aries between the high and the low dielectric constant 
materials. 

0.038. The sheets 44 and 46 are to operate at the same 
electric potential, and, accordingly, an electrically conduc 
tive strap 66 (FIG. 2), which may be fabricated of copper or 
aluminum, or of the aforementioned high dielectric-constant 
material connects electrically the sheets 44 and 46 to provide 
for the equipotential surface. The sheets 44 and 46 may be 
constructed of metal, as noted above, or in accordance with 
the principle of the invention, may be constructed of a high 
dielectric-constant material Such as that employed in the 
construction if the resonators 40, 42, and 44. For larger 
resonator Stacks wherein more of the sheets are employed, 
the strap 66 is extended to connect electrically all of the 
sheets to provide for a single equipotential Surface. If 
desired, by way of alternative embodiment to be described 
in FIG. 3, each of the sheets 44 and 46, as well as Such other 
sheets which may be present, connect to a wall of the 
housing 64 wherein the housing wall Serves to electrically 
connect the Sheets to provide the equipotential relationship. 
Also, by way of further alternative embodiment, the top and 
bottom walls 96 and 98 (FIG. 3) of the housing 64 may 
serve the function of the ground planes 56 and 54 of FIG. 
2, respectively. 
0039. In the operation of a resonator, two basic modes of 
oscillation, or resonance, are obtainable wherein a croSS 
Sectional dimension, or diameter, lying in a reference plane 
68 (omitted in FIG.3, but shown in FIGS. 2 and 4) is equal 
to one-half wavelength of the electromagnetic Signal, and 
wherein a cross-sectional dimension, or diameter, perpen 
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dicular to the reference plane 68 is equal to one-half wave 
length of the electromagnetic Signal. While resonances may 
be selected to be at the same frequency attained by equal 
resonator dimensions, generally, the filter transfer function is 
that of a band-pass filter described mathematically as having 
a plurality of poles, Such as an elliptic function filter or a 
Chebyshev filter. In such a filter transfer function, each pole, 
and corresponding resonance, is at a slightly different fre 
quency. Accordingly, the aforementioned diameter lying in 
the reference plane 68 and the aforementioned diameter 
lying perpendicularly to the reference plane 68 would be of 
Slightly different lengths. 

004.0 Individual ones of the resonators 38, 40, and 42 are 
approximately Square, or rectangular, in the Sense that the 
croSS-Sectional dimensions may differ by one percent, or 
other amount, by way of example. Furthermore, the croSS 
sectional dimensions of the resonator 40 differ slightly from 
those of the resonator 38 and, similarly the cross-sectional 
dimensions of the resonator 42 differ slightly from those of 
the resonators 38 and 40. This selection of resonator dimen 
Sions establishes a Set of resonant wavelengths for the 
electromagnetic signals lying within the pass band of the 
filter 32. In the preferred embodiment of the invention, each 
of the resonators is operated only in its fundamental mode 
wherein a diameter is equal to a half-wavelength, rather than 
to a wavelength or higher order mode of vibration of the 
electromagnetic wave. Vertical spacing between the resona 
tors 38, 40, and 42, as measured along the axis 52 (FIG.3), 
is less than approximately one-quarter or one-tenth of a 
wavelength to avoid generation of Spurious modes of vibra 
tion of the electromagnetic Signal within the filter 32. 

0041 Signals are coupled into and out of the filter 32 via 
Some form of coupling means employing any one of Several 
arrangements of coupling elements disclosed in the figures. 
For example, as shown in FIG. 2, coupling of Signals into 
and out of the filter 32 is accomplished by means of probes 
70 and 72 which represent extensions of the center conduc 
tors of the cables 34 and 36 (FIG. 1), and connect directly 
with the resonators 38 and 42, respectively. As a further 
example, the probe 70 may provide an input signal to the 
filter 32 while the probe 72 extracts an output signal from the 
filter 32. It is noted that the probe 70 lies within the reference 
plane 68 while the probe 72 is perpendicular to the reference 
plane 68. The probe 70 establishes a mode of electromag 
netic vibration within the resonator 38 such that a standing 
wave develops and vibrates within the reference plane 68. 
The probe 72 interacts with an electromagnetic wave vibrat 
ing in a plane perpendicular to the reference plane 68 for 
extracting power from a mode of Vibration in the resonator 
42 which is perpendicular to the reference plane 68. 

0.042 Alternatively, two probes 74 and 76 (FIG. 3) may 
extend in directions parallel to the resonators 38 and 42, 
respectively, and perpendicularly to a sidewall 78 of the 
housing 64. The probes 74 and 76 are spaced apart from the 
resonators 38 and 42 by gaps 80 and 82, respectively, for 
coupling of electromagnetic power to the resonator 38 and 
from the resonator 42. By way of alternative configuration 
in the arrangement of the coupling elements, the probes 74 
and 76 lie in a common plane with the axis 52, such as the 
reference plane 68, or a plane perpendicular to the reference 
plane 68 and including the axis 52. The probes 74 and 76 
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may be fabricated of metal or of a high dielectric-constant 
material Such as that employed in the construction of the 
resonators 38, 40 and 42. 
0043. As shown in FIG. 3, the probes 74 and 76 extend, 
respectively, from coaxial connectors 84 and 90 mounted to 
the housing sidewall 78. In the case of the probe 74, the 
coaxial connector 84 comprises an Outer cylindrical conduc 
tor 86 in electrical contact with the sidewall 78, and an 
electrically insulating sleeve 88 which positions the probe 
74 centrally along an axis of the outer conductor 86 and 
encircled by the sleeve 88 to insulate the probe 74 from the 
outer conductor 86. Thereby, the probe 74 is also a center 
conductor of the connector 84. Similarly, the probe 76 is the 
center conductor of the coaxial connector 90 which has a 
cylindrical outer conductor 92 spaced apart from probe 76 
by an electrically insulating sleeve 94. Also shown in the 
embodiment of FIG. 3 is the connection of the housing 
sidewall 78 to both of the sheets 44 and 46 to equalize their 
potential in the manner of the strap 66 of FIG.2. In addition, 
in the embodiment of FIG. 3, the functions of the ground 
planes 54 and 56 of FIG. 2 are provided by the bottom wall 
96 and the top wall 98, respectively, so that the additional 
physical structures of the ground planes 54 and 56 (FIG. 2) 
are not employed in the embodiment of FIG. 3. 
0044) In the simplified presentation of the filter 32, as 
presented in FIG. 4, only the resonators 38 and 40 are 
shown, along with the sheet 44. Also, the corresponding 
layers 58 and 60 of dielectric material have been omitted to 
simplify the presentation. By way of alternative embodi 
ment, the coupling elements are presented as pads 100 and 
102 which extend partway beneath a peripheral portion of 
the resonator 38 and are spaced apart therefrom by gaps 104 
and 106. Unlike the arrangement of coupling elements of 
FIGS. 2 and 3, in FIG. 4 both of the coupling elements, 
namely, the pads 100 and 102, are coupled to the same 
resonator, namely, the resonator 38. The pad 100 lies within 
the reference plane 68, and the pad 102 lies in the plane 
perpendicular to the reference plane 68. By way of further 
embodiment, a connecting element in the form of a pad 107, 
shown in phantom, may be located within the reference 
plane 68 adjacent the resonator 40, in lieu of the pad 102 for 
coupling signals from the filter 32. The pads 100, 102, and 
107 may be fabricated of metal or of a high dielectric 
constant material Such as that employed in the construction 
of the resonators 38, 40 and 42. 
0.045. It is advantageous in the practice of the invention 
to provide at least one of the resonators of the filter 32, and 
preferably all of the resonators, such as the resonators 38, 
40, and 42 (FIGS. 2 and 3), with a perturbation located in 
a peripheral region of a resonator at a Site distant from the 
reference plane 68 and from a coupling element. One form 
of construction of the perturbation is a notch 108 shown in 
FIG. 4 and shown partially in FIG. 2. An alternative form 
of the perturbation is a tab 110 shown in FIG. 5. The 
perturbation causes an interaction between the two orthogo 
nal modes of Vibration of electromagnetic waves within any 
one of the respective resonators 38, 40, and 42, such that the 
presence of any one of the modes induces the presence of the 
other mode. Thus, by way of example, upon excitation of a 
mode of vibration in the reference plane 68 by application of 
a signal on the pad 100 (FIG. 4), the perturbation, in the 
form of the notch 108, introduces a coupling between the 
modes Such that the mode of Vibration in the reference plane 
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68 induces vibration also in the plane perpendicular to the 
reference plane 68. Thereby, upon application of an elec 
tromagnetic Signal to the tab 110, both orthogonal modes of 
Vibration of electromagnetic Standing waves appear at the 
resonator 38. 

0046) The use of the dual modes of vibration of the 
electromagnetic wave in each of the resonators provides for 
two poles of the mathematical expression of the filter 
transfer function for each resonator. Thereby, the number of 
required resonators is equal to only half of the number of 
poles of the transfer function. This reduces the overall 
dimensions of the filter in the direction of the height of the 
filter, as measured along the direction of the aforementioned 
common axis. It is advantageous to include top and bottom 
ground planes, which may be fabricated of metal plates or 
foil, or a lamina of the high dielectric-constant material, 
wherein the Stack of resonators is disposed between the 
ground planes. This reduces leakage and improves the 
quality of the resonances. 
0047. In FIG. 4, the iris 48 in the sheet 44 is in the form 
of a croSS having transverse arms 112 and 114 located on 
radii extending from the axis 52. The arm 114 lies within the 
reference plane 68 to couple energy of the vibrational mode 
at the resonator 38 lying within the reference plane 68 to the 
resonator 40. Similarly, the arm 112 is oriented perpendicu 
larly to the reference plane 68 to couple energy of the 
Vibrational mode at the resonator 38 lying perpendicular to 
the reference plane 68 to the resonator 40. Thereby, two 
orthogonal modes of Vibration appear also at the resonator 
40. In a similar fashion, the iris 50 (shown in FIGS. 2 and 
3) couples electromagnetic energy from the two modes of 
vibration at the resonator 40 to the resonator 42. In view of 
the fact that each of the resonators carries two modes of 
Vibration of electromagnetic energy, coupling elements can 
be applied to any one or any pair of the resonators, and may 
be disposed in a common vertical plane, as in FIG. 3, or in 
transverse vertical planes, as in FIG. 2. 
0048. In the iris 48, the arms 112 and 114 may be of equal 
length and width to provide for an equal amount of coupling 
of the corresponding electromagnetic modes. Alternatively, 
if desired, one of the arms, Such as the arm 114 may be made 
shorter than the other arm 112. This provides for reduced 
coupling of the mode which is parallel to the plane 68 
relative to the amount of coupling of the mode which is 
perpendicular to the plane 68. Such variation in the amount 
of coupling among the various modes is a factor to be 
Selected for attaining a desired filter transfer function. In 
similar fashion, cross arms of the iris 50 may be adjusted for 
equal or unequal amounts of coupling of the corresponding 
electromagnetic modes. Coupling among modes of different 
ones of the resonators may also be adjusted by varying 
spacing between neighboring ones of the resonators, as will 
be described with reference to FIG. 14. It is noted that the 
foregoing discussion in the generation of the orthogonal 
modes of Vibration applies also to circular resonators, Such 
as the resonators 116 and 118 of FIG. 5. The same form of 
sheet, Such as the sheet 44 and the same form of iris, Such 
as the iris 48 may be employed with the circular resonators 
116 and 118. Similarly, the coupling elements, such as the 
pads 100 and 102, may be employed also with the corre 
sponding circular resonators 116 and 118 of FIG. 5. 
0049 FIG. 6 shows a plan view of the iris 48 in the 
situation where the two arms 112 and 114 are equal. FIG. 7 
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shows a plan view of an alternative configuration of the iris, 
namely an iris 48Ahaving an arm 114A which is shorter than 
the arm 112A. If desired, the shape of the iris can be altered 
Such that, instead of use of an iris having the shape of a 
croSS, an iris in the shape of a circle or an ellipse may be 
employed. FIG. 8 shows a plan view of a circular iris 120, 
and FIG. 9 shows a plan view of an elliptical iris 122. The 
symmetry of the circular iris 120 provides for an equal 
amount of coupling of two orthogonal electromagnetic 
modes. In the case of the iris 122 of FIG. 9, the long 
dimension of the iris 12 may be positioned perpendicularly 
to the reference plane 68 (FIG. 4) in which case the 
electromagnetic mode resonating in the plane perpendicular 
to the reference plane 68 will be coupled more strongly to a 
neighboring resonator than the orthogonal electromagnetic 
mode which is parallel to the reference plane 68. Accord 
ingly, an iris with circular Symmetry Serves to couple power 
from both of the modes of a resonator equally to both of the 
modes of the next resonator of the Series. In the case of the 
elongated iris, there is preferential coupling of power of one 
the modes, a tighter coupling, with a greater power transfer 
for the vibrational mode extending along the elongated 
direction of the iris, and with reduced coupling for the mode 
extending along the transverse direction of the iris. 

0050. The resonator need not be substantially square as 
shown in FIG. 4, or substantially circular as shown in FIG. 
5, but may, if desired, be provided with an annular form as 
shown in FIGS. 10 and 11. FIG. 10 shows a plan view of 
an annular resonator 124 shown positioned, Schematically 
upon a layer of dielectric material, Such as the layer 62. In 
FIG. 11, there is shown schematically a resonator 126 
disposed upon the layer 62 of dielectric material and having 
an elliptical annular form, as compared to the circular 
annular form of FIG. 10. 

0051 FIG. 12 shows a simplified exploded view of a 
portion of a filter disclosing the bottom ground plane 54, the 
resonator 116, and the electrically-conductive sheet 44 with 
the iris 48 therein. Instead of the probes 70 and 72 of FIG. 
2, or the probes 74 and 76 of FIG. 3, or the pads 100 or 102 
of FIGS. 4 and 5, FIG. 12 shows a further form of coupling 
element wherein a pair of orthogonal coupling elements are 
formed as slots 128 and 130 disposed in the ground plane 54. 
The slot 128 lies in the reference plane 68 (FIG. 4), and the 
slot 130 is perpendicular to the reference plane 68, and lies 
on a radius extending from the axis 52. Probes 132 and 134 
are disposed on the back Side of the ground plane 54, 
opposite the resonator 116, and are oriented perpendicularly 
to the slots 128 and 130, respectively, and are positioned 
parallel to and in Spaced-apart relation to the ground plane 
54. The probes 132 and 134 excite an electromagnetic signal 
in the slots 128 and 130, respectively, with the slots 128 and 
130 Serving to excite orthogonal modes of electromagnetic 
waves within the resonator 116. 

0052. In the fragmentary view of FIG. 13, there is shown 
yet another embodiment of coupling element wherein a 
probe 136 is oriented perpendicularly to the resonator 116 
and spaced apart therefrom by a gap 138. The probe 136 is 
mounted to the ground plane 54 and passes through the 
ground plane 54 via an aperture 139 therein by means of an 
electrically-insulating sleeve 140 disposed within the aper 
ture. The sleeve 140 serves to support the probe 136 within 
the ground plane 54. 
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0053 FIG. 14 shows a stack 142 of resonators 144, 146, 
148, 150 and 152 with a set of electrically conducting sheets 
154, 156, 158 and 160 disposed therebetween. The sheets 
are understood to include coupling irises (not shown in FIG. 
14). The resonator stack 142 demonstrates an embodiment 
of the invention having additional resonators and sheets with 
coupling irises therein. FIG. 14 also demonstrates a varia 
tion of coupling Strength between various ones of the 
resonators attained by a variation in Spacing between the 
various resonators. For example, the central resonator 148 
may be spaced at relatively large distance between the 
resonators 146 and 150, as compared to a relatively small 
spacing between the resonators 144 and 146 and a relatively 
small spacing between the resonators 150 and 152. In the 
embodiment of FIG. 14, the resonators may have the same 
form as shown in FIG. 4 wherein the perturbations, shown 
as notches 108, are oriented at 45 degrees relative to the 
reference plane 68. Alternatively, the resonators (FIG. 14) 
may have the same form as the resonators of FIG. 5 wherein 
the perturbations, shown as tabs 110 are oriented at 45 
degrees relative to the reference plane 68 (FIG. 4). Or by 
way of still further embodiment, one or more of the reso 
nators of FIG. 14 may have the configuration of the reso 
nator 162 shown in FIG. 15 wherein the perturbation is in 
the form of a notch 164 extending toward the center of the 
resonator. In all of the embodiments, the resonators and the 
electrically-conducting sheets have a planar form, and are 
positioned Symmetrically about the central axis 52. 
0054 If desired, a single-mode filter may be imple 
mented in a similar stacked configuration by deleting the 
foregoing perturbations, and by providing that the input and 
the output coupling elements are coplanar. The principles of 
the invention can be obtained with a Stack of resonators, 
such as the stack 142 without use of the ground planes 54 
and 56 (FIG.2), however, there would be significant leakage 
of electromagnetic energy which might interfere with opera 
tion of other components of the circuit 20 (FIG. 1). Such 
leakage might decrease the Q of the filter transfer function. 
Use of the ground planes 54 and 56 on the bottom and the 
top ends of the Stack of resonators is preferred because it 
tends to confine the electromagnetic energy within the 
region of the filter. Still further beneficial results are 
obtained by mounting the resonator Stack within an electri 
cally conductive enclosure, such as the housing 64 (FIG. 2) 
which retains the electromagnetic energy within the filter, 
and prevents leakage of the energy to other components of 
the circuit 20. 

0055 FIG. 15 shows a resonator 162 which is a further 
embodiment of the resonator 116 previously shown in 
FIGS. 5 and 12. In FIG. 15, the resonator 162 is provided 
with a perturbation in the form of a notch 164, the notch 164 
acting in a fashion Substantially the same as that of the 
perturbation of the tab 110 of FIGS. 5 and 12 to couple 
between two modes of electrical vibration. 

0056 FIG. 16 shows a portion of an electric circuit 166 
having a coplanar waveguide 168 comprising two elongated 
electrical conductors 170 and 172 which are configured as 
bars, and Spaced apart and which are parallel to each other. 
The conductors 170 and 172 are supported by a dielectric 
layer 174. A ground plane 176 is disposed on a surface of the 
dielectric layer 174 opposite the conductors 170 and 172. 
The composite structure of the conductors 170 and 172, and 
the dielectric layer 174 with the ground plane 176 consti 
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tutes a microStrip Structure. Alternatively, if desired, the 
coplanar waveguide 168 may be fabricated as a Stripline 
structure by placing a further dielectric layer 178 on top of 
the conductors 170 and 172 and a further ground plane 180 
on top of the dielectric layer 178. In accordance with the 
invention, the electrical conductors 170 and 172 are con 
Structed of the high dielectric-constant material, Such as that 
employed in the construction of the resonators 38, 40, and 42 
of FIGS. 2 and 3, and the dielectric layers 174 and 178 are 
constructed of the low dielectric-constant material Such as 
that employed in the layer 58 of FIGS. 2 and 3. In the 
coplanar waveguide 168 of FIG. 16, the conductors 170 and 
172 function in the same fashion as do electrically conduc 
tive metal conductors of the prior art, and the dielectric 
layers 174 and 178 serve to insulate the conductors 170 and 
172 from each other as well as to cooperate with the 
conductors 170 and 172 in forming a characteristic imped 
ance of the transmission line of the coplanar waveguide 168. 
The ground planes 176 and 180 are fabricated typically of an 
electrically conductive metal, however, if desired, in accor 
dance with the invention, the ground planes 176 and 180 can 
be constructed also of the high dielectric-constant material. 

0057. In accordance with the invention, the embodiments 
of FIGS. 2 and 16 demonstrate how two elements of the high 
dielectric-constant material Separated by the low dielectric 
constant material can be employed to construct useful elec 
tromagnetic structures. Thus, in FIG. 2, the elements of the 
high dielectric-constant material Serve as resonators, Such as 
the resonators 40 and 42 in the filter 32. In FIG. 16, the two 
conductors 170 and 172, formed of high dielectric constant 
material Separated by low dielectric-constant material Serve 
the function of a coplanar waveguide. Two Spaced-apart 
elements of the high dielectric constant material Separated 
by the low-dielectric material and/or supported by the low 
dielectric-constant material can Serve the function of a 
microwave coupler as is depicted in FIG. 17. 

0.058 FIG. 17 shows a portion of an electric circuit 182 
including a microwave coupler 184 comprising two elon 
gated electrical conductors 186 and 188. The two conductors 
186 and 188 are disposed upon a layer 190 of dielectric 
material, with a ground plane 192 disposed on a Surface of 
the layer 190 opposite the conductors 186 and 188. The 
construction of the conductors 186 and 188 upon the layer 
190 in conjunction with the ground plane 192 constitutes a 
microstrip structure. If desired, the circuit 182 can be 
constructed in the form of Stripline by placing an additional 
layer 194 of dielectric material upon the top of the conduc 
tors 186 and 188 and extending between the conductors 186 
and 188, the layer 194 being contiguous the layer 190 at 
locations away from the conductors 185 and 188. A further 
ground plane 196 is disposed above the layer 194 to com 
plete the stripline structure. The dielectric layer 194 and the 
ground plane 196 are shown only in fragmentary view to 
facilitate description of the coupler 184. Typically, in accor 
dance with the invention, the ground planes 196 and 192 
may be constructed of an electrically conductive metal, 
while the conductors 186 and 188 are constructed of a high 
dielectric-constant material Such as that employed in the 
conductors 170 and 172 of FIG. 16. In FIG. 17 the dielectric 
layers 190 and 194 are formed of low dielectric-constant 
material, Such as the materials employed in the layerS 174 
and 178 of FIG. 16. 
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0059. In the operation of the coupler 184, the conductor 
186 has an input terminal portion 198, and the conductor 188 
has an input terminal portion 200. The terminal portions 198 
and 200 are parallel to each other. Two output terminals are 
provided by terminal portions 202 and 204 respectively of 
the conductors 186 and 188. The terminal portion 202 is 
parallel to the terminal portion 204. In the conductor 186, 
between the terminal portion 198 and 202, the conductor 186 
is bent toward the conductor 188 to provide a linear central 
portion 206. In similar fashion, the conductor 188, between 
the terminal portions 200 and 204, is bent towards the 
conductor 186 to provide a linear central portion 208 which 
is parallel to the central portion 206 and Spaced apart from 
the central portion 206. The spacing between the central 
portions 206 and 208 is sufficiently close together to allow 
for coupling of an electromagnetic Signal between the two 
conductors 186 and 188. The coupler 184 functions as a 
four-port coupler, in a manner analogous to that of microS 
trip or Stripline couplerS fabricated of metal conductors of 
the prior art. By way of alternative embodiment of the circuit 
182, it is noted that the ground planes 192 and 196 may be 
fabricated of the high dielectric-constant material in lieu of 
metal, if desired. 
0060 FIG. 18 shows a portion of a microwave circuit 
210 which has the same overall configuration as the circuit 
shown in FIG. 4 of Fiedziuszko et al., U.S. Pat. No. 
5,136,268, and functions in the same manner as the Fied 
Ziuszko etal circuit. The circuit 210 is depicted in microstrip 
configuration, it being understood that the circuit 210 may 
be constructed in Stripline format in the manner taught with 
respect to FIGS. 16 and 17. In FIG. 18, the circuit 210 is 
a fourth order filter 212 constructed with a dielectric Sub 
strate 214 with an electrically conductive ground plane 216 
on a bottom Surface of the Substrate 214, and with a set of 
electrically conductive filter components deposited on the 
top surface of the Substrate 214. The filter components 
include an input leg 218 and an output leg 220, an input 
patch 22 and an output patch 224 interconnected by a 
rectangular coupling element 226. 
0061 Each of the patches 222 and 224 has a substantially 
Square shape with a diagonal notch 228 and 230, respec 
tively, disposed in one corner of the Square patch. The filter 
components are constructed upon the Substrate 214 in the 
fashion of thin films produced by photolithography and 
well-known etching or deposition processes. Facing edges 
between the legs 218 and 220 and their respective patches 
222 and 224 are parallel, with a spacing providing for 
capacitive coupling between the legs 218 and 220 and their 
respective patches 222 and 224. Similarly, the opposed 
edges of the coupling element 226 and the corresponding 
edges of the patches 222 and 224 are parallel and are spaced 
apart with a spacing to provide for capacitive coupling 
between the coupling element 226 and the patches 222 and 
224. The amount of capacitive coupling is determined in 
accordance with well-known filter design to establish the 
desired filter characteristic. The notches 228 and 230 pro 
vide for a coupling between one mode of electromagnetic 
Vibration in a patch and an orthogonal mode of electromag 
netic vibration within a patch in the same manner as has 
been described hereinabove with reference to the resonators 
38 and 40 of FIG. 4. In FIG. 18, the Substrate 214 is 
fabricated of a low dielectric-constant material Such as 
dielectric material of the layer 38 in FIG. 2. The filter 
components 218, 220, 222, 224, and 226 are fabricated of 



US 2002/0027481 A1 

the high dielectric-constant material employed in the con 
struction of the resonators 38, 40, and 42 of FIGS. 2 and 3. 
The ground plane 216 may be fabricated of metal or, if 
desired, may be fabricated of a high dielectric-constant 
material Such as that employed in the construction of the 
components of the filter 212. 

0.062. It is noted that in each of the circuits 166, 182, and 
210 of the FIGS. 16, 17 and 18, respectively, that the theory 
of operation of the circuits, in accordance with the invention, 
provides for electrical conduction of electromagnetic Signals 
within the conductors 170 and 172 of FIG. 16, within the 
conductors 186 and 188 of FIG. 17, and within the filter 
components of the filter 212 of FIG. 18. Such electrical 
conduction takes place by Virtue of the electrical conduc 
tivity provided by the high dielectric-constant material and 
the electrical insulating properties of the lower dielectric 
constant material. The electrically insulating property of the 
low-dielectric material of the layers 174 and 190 of FIGS. 
16 and 17, as well as in the Substrate 214 of FIG. 18 
constrain the electrical currents to flow within the conduc 
tors 170 and 172 of FIG. 16, the conductors 186 and 188 of 
FIG. 17 and the filter components of the circuit 210 of FIG. 
18. Thereby, in accordance with the invention, one may 
Substitute the high dielectric-constant material in place of 
metal for the construction of well-known types of electro 
magnetic circuits. A fourth order filter 212 is provided by 
way of example and, if desired, may be readily converted to 
a first order filter by retaining the patch 222 which is 
capacitively coupled to the input leg 218, and by deleting the 
output patch 224 and the coupling element 226 which serve 
to couple the input patch 222 to the output leg 220. Coupling 
between the patch 222 and the output leg 220 is then 
accomplished by Simply extending the output leg 220 to the 
former location of the coupling element 226 whereby there 
is capacitive coupling between the output leg 220 and the 
patch 222. 

0063 FIGS. 19 and 20 provide still further examples of 
the use of the high dielectric-constant material as a Substi 
tution for metal in the construction of microwave transmis 
sion lines. In FIG. 19, a waveguide 232 of rectangular cross 
section is provided with top and bottom walls 234 and 236, 
respectively, and sidewalls 238 and 240 which are con 
Structed of the high dielectric-constant material, and wherein 
an inner core 242 of the waveguide 232 is filled with the low 
dielectric-constant material. An electromagnetic wave 
propagates within the core 242 by reflection from the 
boundary between the low dielectric-constant material of the 
core 242 and the high dielectric-constant material of the 
waveguide walls 234, 236,238 and 240. 

0064. In FIG. 20, a solid rod 144 of high dielectric 
constant material and of circular croSS-Section is clad with a 
cladding 246 of the low dielectric-constant material to form 
a circular waveguide 248. In the waveguide 248, an elec 
tromagnetic wave propagates through the high dielectric 
constant material of the rod 244 by reflection from the 
interface between the high dielectric-constant material of the 
rod 244 and the low dielectric-constant material of the 
cladding 246. 

0065. It is to be understood that the above described 
embodiments of the invention are illustrative only, and that 
modifications thereof may occur to those skilled in the art. 
Accordingly, this invention is not to be regarded as limited 
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to the embodiments disclosed herein, but is to be limited 
only as defined by the appended claims. 

What is claimed is: 
1. An electromagnetic wave propagation Structure com 

prising: 
a first element of dielectric material and a Second element 

of dielectric material, the material of one of Said first 
and Said Second elements having a high dielectric 
constant in excess of approximately 80, the material of 
the other one of Said first and Said Second elements 
having a dielectric constant of less than approximately 
2, 

wherein Said first element is contiguous with Said Second 
element at an interface constituting a waveguide wall 
extending along a direction of electromagnetic propa 
gation, Said waveguide wall being part of a waveguide; 
and 

Said interface is configured as a closed path as viewed in 
a croSS Sectional view of Said waveguide. 

2. A structure according to claim 1 wherein Said direction 
of propagation coincides with an axis of Said waveguide, 
Said first element Serves as a core of Said waveguide, Said 
core being enclosed by Said interface and extending in 
longitudinal direction along Said axis, Said core extending 
transversely of Said axis to Said interface, and 

Said Second element Serves as a cladding of Said 
waveguide, Said cladding encircling Said core and 
being contiguous said core at Said interface. 

3. A Structure according to claim 2 wherein Said core 
comprises the low dielectric-constant material and Said 
cladding comprises the high dielectric-constant material. 

4. A structure according to claim 2 wherein Said core 
comprises the high dielectric-constant material. and Said 
cladding comprises the low dielectric-constant material. 

5. A structure according to claim 2 wherein Said 
waveguide has a rectangular croSS Section. 

6. A structure according to claim 2 wherein Said 
waveguide has a circular croSS Section. 

7. An electromagnetic wave propagating Structure com 
prising: 

a set of elements of dielectric material and a Substrate of 
dielectric material, the dielectric material of Said Set of 
elements having a high dielectric constant in excess of 
approximately 80, the dielectric material of Said Sub 
Strate having a dielectric constant less than approxi 
mately 2, 

wherein a first element of Said Set eXtends in a longitu 
dinal direction along Said Substrate; and 

a Second element of Said Set of elements extends in Said 
longitudinal direction along Said Substrate and is spaced 
apart from Said first element to form a coplanar 
waveguide. 

8. A structure according to claim 7 wherein a third 
element of Said Set is Supported by Said Substrate, and is 
Spaced apart from Said first and Said Second elements, and 
Said third element of Said Set eXtends in Said longitudinal 
direction and transversely of Said first and Said Second 
elements to Serve as a ground plane. 
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9. An electromagnetic wave propagating Structure com 
prising: 

a set of elements of dielectric material and a Substrate of 
dielectric material, the dielectric material of Said Set of 
elements having a high dielectric-constant in excess of 
approximately 80, the dielectric material of Said Sub 
Strate having a dielectric-constant less than approxi 
mately 2, 

wherein a first element of Said Set eXtends in a longitu 
dinal direction along Said Substrate; 

a Second element of Said Set of elements extends in Said 
longitudinal direction along Said Substrate and is spaced 
apart from Said first element; 

a third element of Said Set is Supported by Said Substrate, 
and is spaced apart from Said first and Said Second 
elements, Said third element of Said Set eXtends in Said 
longitudinal direction and transversely of Said first and 
Said Second elements to Serve as a ground plane; 

Said first element in conjunction with Said ground plane 
constitute a first transmission line, Said Second element 
in conjunction with Said ground plane constitute a 
Second transmission line, each of Said transmission 
lines has an input portion and an output portion and a 
central portion located between said input portion and 
Said output portion; 

the input portions of Said first and Said Second transmis 
Sion lines are spaced apart with an input spacing, 

the output portions of Said first and Said Second transmis 
Sion lines are spaced apart with an output spacing, 

the central portions of Said first and Said Second trans 
mission lines are parallel to each other and are Spaced 
apart with a central spacing, and 

Said central spacing is less than Said input spacing and leSS 
than Said output Spacing to form a microwave coupler. 

10. An electromagnetic wave propagating Structure com 
prising: 

a set of elements of dielectric material and a Substrate of 
dielectric material, the dielectric material of Said Set of 
elements having a high dielectric-constant in excess of 
approximately 80, the dielectric material of Said Sub 
Strate having a dielectric-constant less than approxi 
mately 2, 

wherein a first element of Said Set eXtends in a longitu 
dinal direction along Said Substrate; 

a Second element of Said Set of elements extends in Said 
longitudinal direction along Said Substrate and is spaced 
apart from Said first element; 

a third element of Said Set is Supported by Said Substrate, 
and is spaced apart from Said first and Said Second 
elements, Said third element of Said Set eXtends in Said 
longitudinal direction and transversely of Said first and 
Said Second elements to Serve as a ground plane; and 

a fourth element of Said Set of elements is Supported by 
Said Substrate and is capacitively coupled between Said 
first element and Said Second element, Said fourth 
element Serving as a resonator and having a perturba 
tion for coupling between two modes of electromag 
netic vibration to form a plural order filter. 
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11. An electromagnetic wave propagating Structure com 
prising: 

a set of elements of dielectric material and a Substrate of 
dielectric material, the dielectric material of Said Set of 
elements having a high dielectric-constant in excess of 
approximately 80, the dielectric material of Said Sub 
Strate having a dielectric-constant less than approxi 
mately 2, 

wherein a first element of Said Set eXtends in a longitu 
dinal direction along Said Substrate; 

a Second element of Said Set of elements extends in Said 
longitudinal direction along Said Substrate and is spaced 
apart from Said first element; 

a third element of Said Set is Supported by Said Substrate, 
and is spaced apart from Said first and Said Second 
elements, Said third element of Said Set eXtends in Said 
longitudinal direction and transversely of Said first and 
Said Second elements to Serve as a ground plane; 

Said Structure further comprises a fourth element and a 
fifth element of said set of elements, each of said fourth 
and Said fifth elements having a planar shape and being 
Supported by Said Substrate, Said fourth and Said fifth 
elements being adjacent respectively to Said first and 
Said Second elements and Serving as resonators, 
wherein each of Said resonators has a perturbation for 
coupling between two modes of electromagnetic vibra 
tion; and 

a sixth element of Said Set of elements is Supported by Said 
Substrate and is capacitively coupled to Said fourth 
element and Said fifth element, Said fourth element and 
Said fifth element being capacitively coupled respec 
tively to Said first and Said Second elements to form a 
multiple order filter. 

12. An electromagnetic wave propagating Structure com 
prising: 

a first Set of elements of dielectric material having a high 
dielectric constant greater than approximately 80, and 
a Second set of elements of dielectric material having a 
low dielectric constant leSS than approximately 2, 

an electrically conductive housing having an input cou 
pling means and an output coupling means extending 
through the housing for communicating electromag 
netic Signals into and out of Said housing, 

wherein Said housing contains a first element of Said 
Second Set of elements to Serve as an insulator; 

a first element of Said first Set is a resonator operable in 
orthogonal modes of electromagnetic vibration, Said 
resonator being configured for coupling the electro 
magnetic signal between Said orthogonal modes; 

Said resonator is embedded within the dielectric material 
of Said insulator, Said insulator positioning Said reso 
nator within Said housing and in communication with 
Said input and Said output coupling means, and 

the dielectric material of Said insulator allows for propa 
gation of an electromagnetic wave within the material 
of Said insulator for providing a function of a plural 
order filter for the wave propagation Structure. 
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13. A structure according to claim 12 wherein Said reso- wherein said second resonator is embedded within the 
nator is a first resonator, and Said first Set of elements dielectric material of Said insulator, Said insulator posi 
comprises a Second element which Serves as a Second tioning Said Second resonator in Series with Said first 
resonator, Said Second resonator being operable in orthogo- resonator along a wave propagation path between Said 
nal modes of electromagnetic vibration, Said Second reso- input and Said output coupling means. 
nator being configured for coupling the electromagnetic 
Signal between the orthogonal modes, and k . . . . 


